In this paper, it is proved that, if a toric ideal possesses a fundamental binomial none of whose monomials is squarefree, then the corresponding semigroup ring is not very ample. Moreover, very ample semigroup rings of Lawrence type are discussed. As an application, we study very ampleness of configurations arising from contingency tables.
Introduction
A configuration in R d is a finite set A = {a 1 , . . . , a n } ⊂ Z (i) A is unimodular, i.e., the initial ideal of I A is generated by squarefree monomials with respect to any monomial order;
(ii) A is compressed, i.e., the initial ideal of I A is generated by squarefree monomials with respect to any reverse lexicographic order;
(iii) there exists a monomial order < such that the initial ideal of I A with respect to < is generated by squarefree monomials;
A is a finite (or empty) set. 
where I n is the n × n identity matrix and 0 is the d × n zero matrix. A configuration A is called Lawrence type if there exists a configuration B such that Λ(B) = A. In Section 2, it will be proved that a configuration of Lawrence type is very ample if and only if it is unimodular. In section 3, by using the results in Section 2, we study very ample configurations arising from no n-way interaction models for r 1 × r 2 × · · · × r n contingency tables, where r 1 ≥ r 2 ≥ · · · ≥ r n ≥ 2. Let A r 1 r 2 ···rn be the set of vectors e (1)
, where each i k belongs to [r k ] = {1, 2, . . . , r k } and e
. The toric ideal I Ar 1 r 2 ···rn is the kernel of the homomorphism
. The following is known:
not compressed (normality is unknown) otherwise, i.e., n ≥ 4 and r 3 ≥ 3 not normal n = 3 and r 3 ≥ 4 n = 3, r 3 = 3, r 1 ≥ 6 and r 2 ≥ 4 By virtue of the results in Section 2, we will prove that configurations in "otherwise" part are not very ample.
Fundamental binomials
First, we extend Proposition 1 as follows:
is a binomial such that neither u nor v is squarefree and if
. Let x k be a variable with k = 1, 2. Then the monomial π(x 
Configurations arising from contingency tables
Let A r 1 r 2 ···rn be the set of vectors e (1)
not compressed (normality is unknown) otherwise, i.e., n ≥ 4 and r 3 ≥ 3 not normal n = 3 and r 3 ≥ 4 n = 3, r 3 = 3, r 1 ≥ 6 and r 2 ≥ 4
Configurations in "otherwise" part is studied in [4] by using the notion of combinatorial pure subring and indispensable binomials. (For 6 × 4 × 3 case, non-normality is shown in [6] and it was proved [1] that it is not very ample.) On the other hand, compressed configurations are classified in [5] . For 4 × 4 × 3 case, Ruriko Yoshida verified that it is normal by using the software NORMALIZ (Bruns and Koch).
The basic facts on A 
